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Abstract
In this paper, we explore the constraints that the LHC can place on a massive gauge boson
X that predominantly couples to the third generation of fermions. Such a gauge boson arises in
scenarios where the B − L of the third generation is gauged. We focus on the mass range 10 ≤
mX . 2mW , where current constraints are lacking, and develop a dedicated search strategy.
For this mass range, we show that bb¯τ+τ−, where at least one of the τs decay leptonically is
the optimal channel to look for the X at the LHC. The QCD production of b quarks, combined
with the cleanliness of the leptons coming from the decay of the τ allow us to detect X gauge
boson with couplings of gX ∼ (0.005 − 0.01), for mX < 50 GeV, and a coupling of O(0.1) for
heavier X gauge boson with 100 fb−1 of integrated luminosity. This is about a factor of 2-10
improvement over previous constraints coming from the decay of Υ→ τ+τ−. Extrapolating to
the full HL-LHC luminosity of 3000 fb−1, the bounds on gX can be enhanced by another factor
of
√
2 for mX < 50 GeV.
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I. INTRODUCTION
Even though numerous experimental measurements attest to the validity of the Stan-
dard Model (SM), some enigmatic observations such as dark matter and neutrino masses
compel us to look for new physics (NP) beyond the SM. Many NP models propose aug-
menting the SM gauge groups by a new gauge symmetry, with U(1) being a popular
choice. On the other hand, it is well-known that the SM Lagrangian respects some global
U(1) symmetries that are not demanded beforehand. Some of these so called “accidental”
symmetrie are anomaly free and can be gauged, either within the SM alone or with min-
imal extension [1–4]. Given that the nature already approves of the SM, it is worthwhile
to explore extending the SM using its own suggested symmetries.
Among the possible symmetries, new interactions that involve electrons or the first
two generation of quarks are severely constrained in various collider searches [5–10] and
low energy experiments [11–14]. The U(1)Lµ−Lτ symmetry – the difference between muon
and tau number – has also received a lot of attention in recent years [3, 15–26], and
much of its parameter space is already being probed. That leaves us with new gauge
bosons that interact predominantly with the third generation of fermions. One such
possibility is U(1)
(3)
B−L, the difference between baryon number and lepton number of the
third generation, which is anomaly free and guageable provided we augment the SM by a
right handed neutrino.
The U(1)
(3)
B−L extension of the SM was first proposed by [27] to explain the flavor align-
ment of the third generation of quarks – the empirical observations that the mixings of the
third generation of quarks with the other two generations are very small. Distinguishing
the third generation by assigning it new quantum numbers under an additional symme-
try prohibits the mixing with the third generation of quarks, and thus justifies its flavor
alignment. Of course, the symmetry needs to be broken at some scale to allow small, yet
non-zero mixing between the generations [28].
To achieve non-zero mixing between the generations at low scales, the U(1)
(3)
B−L symme-
try needs to be spontaneously broken by a scalar φ that is charged under U(1)
(3)
B−L×GSM
and acquires a vacuum expectation value (vev). For certain charge assignments and
coupling structure, it is possible to generate a realistic CKM matrix while relegating
all tree-level flavor-changing-neutral currents (FCNC) to the up-quark sector [27] (see
also Appendix B). The up-sector FCNC are suppressed by powers of CKM elements,
however they – along with the down-sector FCNC they generate at loop level – are con-
strained by multiple low energy experiments. The constraints from experiments such as
BaBar [11], E949 [29, 30], BESIII [31], and CHARM-II [32] are severe, but peter out once
mX & 5 GeV. Furthermore, the direct coupling of X with third generation of fermions
can also contribute to the decay of Υ → ττ , which constrains the available parameter
space for X near mX ∼ mΥ ' 10 GeV [33], however the contribution of off-shell X to Υ
decay dies off rapidly as we move away from mΥ.
The mX window & 10 GeV is only loosely constrained and is therefore the focus of
this study. In practice, we impose an upper limit of mX < 2mW , as the interaction of X
with W gauge bosons is closely tied to the mixing angle between Higgs and the U(1)
(3)
B−L
breaking scalars φ, and thus introduces multiple additional parameters; X in this range
could conceivably be constrained by LHC resonant diboson searches such as Ref. [34–38].
For even larger mX > 2mt, X phenomenology is driven by decays to top pairs. In this
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sense, X phenomenology can be mapped into Z ′ → tt¯ searches, which have been studied
extensively [39–55].
Having selected the X mass window we are interested in, the next step is to determine
the optimal LHC X production mode and decay channel. As X has suppressed couplings
to first and second generation fermions, we either have to rely on the b parton distribution
function (PDF) (for pp → X), or to produce the X in association with third generation
fermions, e.g. pp → f¯fX where f = t/b/τ/ντ . The PDF of b-quark is small, therefore
we focus on associated production1. The production of colored objects at the LHC is
significantly larger than leptons, therefore we will concentrate on the scenario where X
is produced in association with a pair of b quarks. Associated production of X with top
quarks is also an option, but suffers in rate due to the increased energy requirement as
well as in reconstruction complexity, so we do not consider it here.
Turning to X decay, if X decays to a pair of b quarks, we have a four b final state,
which makes QCD backgrounds overwhelming and introduces a combinatorics problem.
Among the leptonic decays of X, τs are more preferable because they give more handles
for kinematic variables. Thereby, we settle on pp→ bb¯X → bb¯τ+τ−.
One may think that further focusing the search on the Z resonance contribution is a
useful way to suppress backgrounds, as done in Ref. [25] for the case of U(1)Lµ−Lτ gauge
bosons in pp→ 4µ. However, the poorer energy resolution for jets (as compared to muons
in Ref. [25]) and the inevitable missing energy from neutrinos in tau decay hamper this
technique and we find it is more beneficial to focus on QCD-produced bb¯ pairs that emit
an X → τ+τ−.
The channel bb¯τ+τ− has already attracted some attention at the LHC in the search for
the third generation leptoquarks [56, 57] and di-Higgs searches [58–60]. However, due to
their particular optimized cuts, these analyses will have limited-to-no sensitivity to X in
our mass range of interest. More specifically,
• The search for the third generation leptoquarks [56, 57] is ineffective because they
impose mτb > 250 GeV, whereas we find that our signal prefers mτb < 150 GeV for
mX ≤ 2mW .
• the CMS di-Higgs search [58] considers bb¯τ+τ− in the mass window 400 GeV <
mbbττ < 700 GeV. In our signal, however, the production of bb¯X is maximum at
threshold, which means even for mX = 2mW , we expect most of our events to lie
in the mbbττ < 350 GeV region.
• the results of other CMS di-Higgs searches [59, 60] are not easily recastable because
they use boosted-decision-tree (BDT).
Given the lack of constraints from the current LHC searches or any other experiments,
in the following sections we develop a LHC search strategy for U(1)
(3)
B−L gauge bosons,
10 GeV ≤ mX ≤ 2mW , using the bb¯τ+τ− final state. We will assume throughout that X
is short-lived and therefore focus on prompt signals. Long-lived X, leading to displaced
vertices at the LHC may be interesting to study, but likely require extending the setup in
some way2. For the case of fully hadronic bb¯τ+τ− (prompt), the QCD backgrounds are
1 While smaller, we do include processes initiated by b PDFs in all our analyses.
2 In the current setup, the X lifetime and production rate are governed by the same coupling, so one
cannot make the particle long-lived without killing the production rate.
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overwhelming. Therefore, we will narrow our attention to semi-leptonic and fully leptonic
decays of τs. Despite the large SM backgrounds (e.g., tt¯ → bb¯W±W± → bb¯τ+τ− + /ET ),
we show that the LHC-13 TeV, with the currently luminosity, can significantly improve
the bounds on the U(1)
(3)
B−L gauge coupling gX .
The organization of the rest of the paper is as follows. In the upcoming section (Sec. II),
we introduce the model, including the free parameters we will consider for the phenomenol-
ogy of X gauge boson at the LHC. Next, in Sec. III, we explore the LHC power in improv-
ing the bounds using simple kinematic variables – both for mX < mZ (Sec. III A) and for
slightly heavier mX & mZ (Sec. III B). Finally, some concluding remarks are presented in
Sec. IV.
II. THE U(1)
(3)
B−L MODEL
We study a model where the SM gauge symmetries are extended to include U(1)
(3)
B−L
symmetry – the difference between the baryon number and the lepton number of the third
generation. This symmetry is anomaly free, provided that we include a right-handed tau
neutrino ν3R to the SM. The charge assignments of the fermions are: (Q3L, u3R, d3R) : 1/3
and (`3L, eeR, ν3R) : −1, with all first and second generation fermions inert.
From various observations, we know the exact U(1)
(3)
B−L symmetry is not realized in
nature at low scales, and thus must be broken. The simplest mechanism to spontaneously
break U(1)
(3)
B−L is to add some scalars charged under U(1)
(3)
B−L symmetry that acquire
vacuum expectations values (vev). To make the model phenomenologically viable, we ac-
tually have to introduce two U(1)
(3)
B−L-charged scalars, a SM singlet s with U(1)
(3)
B−L charge
+1/3 and φ, a SM SU(2)W doublet with hypercharge +1/2 (identical SM charges as the
Higgs) and U(1)
(3)
B−L charge +1/3 [27]. The Table of particles charged under U(1)
(3)
B−L is
shown in Table I. The φ field is needed to connect first and second generation quarks to
SU(3)c × SU(2)W × U(1)Y U(1)(3)B−L
φ (1,2, 1/2) 1/3
s (1,1, 0) 1/3
Q3L (3,2,−1/6) 1/3
tR (3,1, 2/3) 1/3
bR (3,1,−1/3) 1/3
L3L (1,2,−1/2) −1
τR (1,1,−1) −1
ντR (1,1, 0) −1
Table I: Scalar and fermion fields charged under the U(1)
(3)
B−L gauge symmetry.
the third generation quarks via renormalizable interactions, while the additional source
of U(1)
(3)
B−L breaking from the s field allows us to decouple the mass of the U(1)
(3)
B−L
gauge boson X from the electroweak breaking scale. Note that Yukawa terms involv-
ing only third generation fields involve the Higgs, not s or φ, and that renormalizable
inter-generation interactions involving the third generation between leptons are forbidden
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by the U(1)
(3)
B−L charge assignment. Neutrino masses can be accommodated via higher
dimensional operators or via further extensions of the model by vector-like matter [27].
In this paper, we are interested in the phenomenology of the X gauge boson. The X
gauge boson appears in the covariant derivative of the third generation fermions, indicat-
ing a tree-level interaction of X with third generation of fermions in the interaction basis.
Another place X appears is the covariant derivative of scalars (s and φ), which not only
results in X acquiring a mass (once 〈φ〉, 〈s〉 6= 0), but also leads to tree-level interactions
of X with scalars. Furthermore, because φ is charged under both SU(2)W × U(1)Y and
U(1)
(3)
B−L, its kinetic term induces a mixing with X and Z gauge boson with an angle
sX ≡ 2
3
gX√
g2 + g′2
v2φ
v2
, (1)
where gX is the gauge coupling associated with U(1)
(3)
B−L, (vφ) represents φ vev, and
v =
√
v2φ + v
2
h = 246 GeV, with vh being the Higgs vev. Therefore, in the mass basis,
the (mass eigenstate) X boson interacts with Z current with a coupling proportional
to sX , while the (mass eigenstate) Z boson interactions will be modified by an amount
proportional to sX .
In addition to X, the model contains several new scalars (from φ, s) and a right-handed
neutrino. For simplicity, and following Ref. [27], we assume that these states are all heavier
than mX/2 so they play no role in our analysis.
The relevant model parameters to study Xµ phenomenology are the X mass (mX),
the U(1)
(3)
B−L gauge coupling (gX), and the rotation angle between Z and X (sX). Rather
than use sX , we find it more convenient to work with tan β = vh/vφ. In terms of these
parameters,
m2X =
1
9
g2X
(
v2φv
2
h
v2
+ v2s
)
=
1
9
g2X
(
v2
tan2 β
(1 + tan2 β)2
+ v2s
)
. (2)
Notice that the presence of vs means mX is not tied to the electroweak scale and can, in
principle, be large.
In the gauge interaction basis, the interaction between fermions and the (mass eigen-
state) X gauge boson has the form cα f¯αγ
µfαX
µ, with
cα = gXq
X
α + sX
√
g2 + g′2qZα = gX
[
qXα +
2
3
qZα (1 + tan β
2)−1
]
. (3)
Here, qXα and q
Z
α = I
α
3 − s2wqα are respectively the X and Z charge of fermion α, qα is
the electric charge, sw is the sin θweak, and I
α
3 is the W
3
µ generator. The translation of
this interaction to the fermion mass basis induces flavor changing interactions among left
handed up-type quarks and is shown in detail in Appendix B.
An important property of X for our study is how it decays to various SM states. Due
to X − Z mixing, the branching ratio of X strongly depends on the value of tan β. For
small tan β, the coupling of X to the Z current is important, while for large tan β X
predominantly decays to third generation fermions. The branching ratio of X to various
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m
X
(GeV)
<latexit sha1_base64="R/pdUE M1VMBRnx4oV5l/mA0vxsc=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQx CvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA +aWNBQVHXT3eXHUmh0nG9raXlldW29sFHc3Nre2bX39hs6ShSHOo9kp Fo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2 YeClXiujHVruIDxiegON7NSzS07FmYIuEjcnJZKj5tlfnV7EkwBC5JJ p3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP 09kbJA63Hgm86A4VDPexPxP6+dYP+ym4owThBCPlvUTyTFiE6yoD2hg KMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RM XHJBquSW1EidcJKSZ/JK3qwn68V6tz5mrUtWPnNA/sD6/AE5EpT5</l atexit><latexit sha1_base64="R/pdUE M1VMBRnx4oV5l/mA0vxsc=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQx CvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA +aWNBQVHXT3eXHUmh0nG9raXlldW29sFHc3Nre2bX39hs6ShSHOo9kp Fo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2 YeClXiujHVruIDxiegON7NSzS07FmYIuEjcnJZKj5tlfnV7EkwBC5JJ p3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP 09kbJA63Hgm86A4VDPexPxP6+dYP+ym4owThBCPlvUTyTFiE6yoD2hg KMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RM XHJBquSW1EidcJKSZ/JK3qwn68V6tz5mrUtWPnNA/sD6/AE5EpT5</l atexit><latexit sha1_base64="R/pdUE M1VMBRnx4oV5l/mA0vxsc=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQx CvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA +aWNBQVHXT3eXHUmh0nG9raXlldW29sFHc3Nre2bX39hs6ShSHOo9kp Fo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2 YeClXiujHVruIDxiegON7NSzS07FmYIuEjcnJZKj5tlfnV7EkwBC5JJ p3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP 09kbJA63Hgm86A4VDPexPxP6+dYP+ym4owThBCPlvUTyTFiE6yoD2hg KMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RM XHJBquSW1EidcJKSZ/JK3qwn68V6tz5mrUtWPnNA/sD6/AE5EpT5</l atexit><latexit sha1_base64="R/pdUE M1VMBRnx4oV5l/mA0vxsc=">AAAB/nicbVDLSgNBEJz1GeNrVTx5GQx CvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA +aWNBQVHXT3eXHUmh0nG9raXlldW29sFHc3Nre2bX39hs6ShSHOo9kp Fo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2 YeClXiujHVruIDxiegON7NSzS07FmYIuEjcnJZKj5tlfnV7EkwBC5JJ p3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP 09kbJA63Hgm86A4VDPexPxP6+dYP+ym4owThBCPlvUTyTFiE6yoD2hg KMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RM XHJBquSW1EidcJKSZ/JK3qwn68V6tz5mrUtWPnNA/sD6/AE5EpT5</l atexit>
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<latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit>
hadrons
<latexit sha1_base64="sQw5V2UEnWan/ KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RM Jm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8 Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBs r9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJ MqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcBbywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eL v7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9Z Dr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwiYgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP 5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/ KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RM Jm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8 Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBs r9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJ MqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcBbywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eL v7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9Z Dr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwiYgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP 5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/ KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RM Jm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8 Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBs r9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJ MqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcBbywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eL v7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9Z Dr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwiYgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP 5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/ KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxFM3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RM Jm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8 Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBs r9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJ MqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcBbywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eL v7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9Z Dr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwiYgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP 5g==</latexit>
e+e /µ+µ 
<latexit sha1_base64="uZwCvIbsIMqxo6VamqH Tp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4K m5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgL IS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IPmc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYte yZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE /p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSEdPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0C LOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++G pNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqH Tp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4K m5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgL IS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IPmc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYte yZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE /p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSEdPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0C LOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++G pNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqH Tp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4K m5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgL IS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IPmc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYte yZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE /p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSEdPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0C LOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++G pNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqH Tp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4K m5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgL IS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IPmc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYte yZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE /p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSEdPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0C LOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++G pNx</latexit>
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m
X
(GeV)
<latexit sha1_base64="R/pdUEM1VMBRnx4oV5l/mA0vxsc=">AAA B/nicbVDLSgNBEJz1GeNrVTx5GQxCvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eXHUmh0nG9raXlld W29sFHc3Nre2bX39hs6ShSHOo9kpFo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2YeClXiujHVruIDxiegON7NSzS07 FmYIuEjcnJZKj5tlfnV7EkwBC5JJp3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP09kbJA63Hgm86A4VDPexPxP6+d YP+ym4owThBCPlvUTyTFiE6yoD2hgKMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RMXHJBquSW1EidcJKSZ/JK3qwn68 V6tz5mrUtWPnNA/sD6/AE5EpT5</latexit><latexit sha1_base64="R/pdUEM1VMBRnx4oV5l/mA0vxsc=">AAA B/nicbVDLSgNBEJz1GeNrVTx5GQxCvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eXHUmh0nG9raXlld W29sFHc3Nre2bX39hs6ShSHOo9kpFo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2YeClXiujHVruIDxiegON7NSzS07 FmYIuEjcnJZKj5tlfnV7EkwBC5JJp3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP09kbJA63Hgm86A4VDPexPxP6+d YP+ym4owThBCPlvUTyTFiE6yoD2hgKMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RMXHJBquSW1EidcJKSZ/JK3qwn68 V6tz5mrUtWPnNA/sD6/AE5EpT5</latexit><latexit sha1_base64="R/pdUEM1VMBRnx4oV5l/mA0vxsc=">AAA B/nicbVDLSgNBEJz1GeNrVTx5GQxCvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eXHUmh0nG9raXlld W29sFHc3Nre2bX39hs6ShSHOo9kpFo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2YeClXiujHVruIDxiegON7NSzS07 FmYIuEjcnJZKj5tlfnV7EkwBC5JJp3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP09kbJA63Hgm86A4VDPexPxP6+d YP+ym4owThBCPlvUTyTFiE6yoD2hgKMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RMXHJBquSW1EidcJKSZ/JK3qwn68 V6tz5mrUtWPnNA/sD6/AE5EpT5</latexit><latexit sha1_base64="R/pdUEM1VMBRnx4oV5l/mA0vxsc=">AAA B/nicbVDLSgNBEJz1GeNrVTx5GQxCvIRdERS8BDzoMYJ5QBKW2UknGTL7YKZXDMuCv+LFgyJe/Q5v/o2TZA+aWNBQVHXT3eXHUmh0nG9raXlld W29sFHc3Nre2bX39hs6ShSHOo9kpFo+0yBFCHUUKKEVK2CBL6Hpj64nfvMBlBZReI/jGLoBG4SiLzhDI3n2YeClXiujHVruIDxiegON7NSzS07 FmYIuEjcnJZKj5tlfnV7EkwBC5JJp3XadGLspUyi4hKzYSTTEjI/YANqGhiwA3U2n52f0xCg92o+UqRDpVP09kbJA63Hgm86A4VDPexPxP6+d YP+ym4owThBCPlvUTyTFiE6yoD2hgKMcG8K4EuZWyodMMY4msaIJwZ1/eZE0ziquU3HvzkvVqzyOAjkix6RMXHJBquSW1EidcJKSZ/JK3qwn68 V6tz5mrUtWPnNA/sD6/AE5EpT5</latexit>
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<latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit><latexit sha1_base64="BrWz+o/OlJteI/XqGUG0cggR4+w=">AAAB+HicdZDLSgMxFIbPeK310lGXboJFcFUypdoui25cVrEXaIeSSdM2NJMZkoxQhz6JGxeKuPVR3Pk2ZtoKKvpD4OM/53BO/iAWXBuMP5yV1bX1jc3cVn57Z3ev4O4ftHSUKMqaNBKR6gREM8ElaxpuBOvEipEwEKwdTC6zevuOKc0jeWumMfNDMpJ8yCkx1uq7hQtFJB1zOUI3mdV3i7iEcQVXzlEGXs2rzgGfVTHyMrAqwlKNvvveG0Q0CZk0VBCtux6OjZ8SZTgVbJbvJZrFhE7IiHUtShIy7afzw2foxDoDNIyUfdKguft9IiWh1tMwsJ0hMWP9u5aZf9W6iRnW/JTLODFM0sWiYSKQiVCWAhpwxagRUwuEKm5vRXRMFKHGZpW3IXz9FP0PrXLJwyXvulysV5Zx5OAIjuEUPKhCHa6gAU2gkMADPMGzc+88Oi/O66J1xVnOHMIPOW+fpZCTBw==</latexit>
hadrons
<latexit sha1_base64="sQw5V2UEnWan/KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxF M3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RMJm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8 UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBsr9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJMqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcB bywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eLv7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9ZDr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwi YgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxF M3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RMJm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8 UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBsr9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJMqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcB bywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eLv7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9ZDr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwi YgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxF M3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RMJm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8 UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBsr9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJMqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcB bywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eLv7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9ZDr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwi YgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP5g==</latexit><latexit sha1_base64="sQw5V2UEnWan/KS3dR2uXb5pRas=">AAAB7nicdVDLSgMxF M3UV62vqks3wSK4GjJj6WNXcOOygn1AO5RMJm1DM8mQZIQy9CPcuFDErd/jzr8x01ZQ0QMXDufcy733hAln2iD04RQ2Nre2d4q7pb39g8Oj8vFJV8tUEdohkkvVD7GmnAnaMcxw2k8 UxXHIaS+cXed+754qzaS4M/OEBjGeCDZmBBsr9aY4UlLoUbmC3Gaj5ldrELkI1T3fy4lfr15VoWeVHBWwRntUfh9GkqQxFYZwrPXAQ4kJMqwMI5wuSsNU0wSTGZ7QgaUCx1QH2fLcB bywSgTHUtkSBi7V7xMZjrWex6HtjLGZ6t9eLv7lDVIzbgQZE0lqqCCrReOUQyNh/juMmKLE8LklmChmb4VkihUmxiZUsiF8fQr/J13f9ZDr3fqVVnMdRxGcgXNwCTxQBy1wA9qgAwi YgQfwBJ6dxHl0XpzXVWvBWc+cgh9w3j4B5ZeP5g==</latexit>
e+e /µ+µ 
<latexit sha1_base64="uZwCvIbsIMqxo6VamqHTp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs 3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4Km5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgLIS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IP mc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYteyZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE/p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSE dPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0CLOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++GpNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqHTp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs 3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4Km5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgLIS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IP mc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYteyZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE/p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSE dPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0CLOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++GpNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqHTp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs 3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4Km5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgLIS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IP mc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYteyZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE/p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSE dPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0CLOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++GpNx</latexit><latexit sha1_base64="uZwCvIbsIMqxo6VamqHTp3XLclE=">AAAB/XicdZDLSgMxFIYz9Vbrbbzs 3ASLIEjHGVHUXcGNywq2FdppyaRn2tDMhSQj1KH4Km5cKOLW93Dn25hpp6CiBxJ+vv8ccvJ7MWdS2fanUZibX1hcKi6XVlbX1jfMza2GjBJBoU4jHolbj0jgLIS6YorDbSyABB6Hpje8zPzmHQjJovBGjWJwA9IP mc8oURp1zR3oHGLoVI5wO0i0zO5K1yzb1qmdFbYteyZy4uSkjPKqdc2Pdi+iSQChopxI2XLsWLkpEYpRDuNSO5EQEzokfWhpGZIApJtOth/jfU162I+EPqHCE/p9IiWBlKPA050BUQP528vgX14rUf65m7IwThSE dPqQn3CsIpxFgXtMAFV8pAWhguldMR0QQajSgZV0CLOf4v9F49hybMu5PilXL/I4imgX7aED5KAzVEVXqIbqiKJ79Iie0YvxYDwZr8bbtLVg5DPb6EcZ71++GpNx</latexit>
20 40 60 80
0.001
0.005
.010
0.050
0.100
tan  = 5
<latexit sha1_base64="C2smLvmlaiW0mOuKHZ1M3fEsPv4=">AAAB+HicbVD LSgNBEOz1GeMjqx69DAbBU9gVRT0IAS8eI5gHZJcwO5lNhszOLjO9Qgz5Ei8eFPHqp3jzb5w8DppY0FBUddPdFWVSGPS8b2dldW19Y7OwVdze2d0rufsHDZPmmvE 6S2WqWxE1XArF6yhQ8lamOU0iyZvR4HbiNx+5NiJVDzjMeJjQnhKxYBSt1HFLAVJFgogjJTfkgnTcslfxpiDLxJ+TMsxR67hfQTdlecIVMkmNaftehuGIahRM8nE xyA3PKBvQHm9bqmjCTTiaHj4mJ1bpkjjVthSSqfp7YkQTY4ZJZDsTin2z6E3E/7x2jvFVOBIqy5ErNlsU55JgSiYpkK7QnKEcWkKZFvZWwvpUU4Y2q6INwV98eZk 0ziq+V/Hvz8vV63kcBTiCYzgFHy6hCndQgzowyOEZXuHNeXJenHfnY9a64sxnDuEPnM8fr3yRwQ==</latexit><latexit sha1_base64="C2smLvmlaiW0mOuKHZ1M3fEsPv4=">AAAB+HicbVD LSgNBEOz1GeMjqx69DAbBU9gVRT0IAS8eI5gHZJcwO5lNhszOLjO9Qgz5Ei8eFPHqp3jzb5w8DppY0FBUddPdFWVSGPS8b2dldW19Y7OwVdze2d0rufsHDZPmmvE 6S2WqWxE1XArF6yhQ8lamOU0iyZvR4HbiNx+5NiJVDzjMeJjQnhKxYBSt1HFLAVJFgogjJTfkgnTcslfxpiDLxJ+TMsxR67hfQTdlecIVMkmNaftehuGIahRM8nE xyA3PKBvQHm9bqmjCTTiaHj4mJ1bpkjjVthSSqfp7YkQTY4ZJZDsTin2z6E3E/7x2jvFVOBIqy5ErNlsU55JgSiYpkK7QnKEcWkKZFvZWwvpUU4Y2q6INwV98eZk 0ziq+V/Hvz8vV63kcBTiCYzgFHy6hCndQgzowyOEZXuHNeXJenHfnY9a64sxnDuEPnM8fr3yRwQ==</latexit><latexit sha1_base64="C2smLvmlaiW0mOuKHZ1M3fEsPv4=">AAAB+HicbVD LSgNBEOz1GeMjqx69DAbBU9gVRT0IAS8eI5gHZJcwO5lNhszOLjO9Qgz5Ei8eFPHqp3jzb5w8DppY0FBUddPdFWVSGPS8b2dldW19Y7OwVdze2d0rufsHDZPmmvE 6S2WqWxE1XArF6yhQ8lamOU0iyZvR4HbiNx+5NiJVDzjMeJjQnhKxYBSt1HFLAVJFgogjJTfkgnTcslfxpiDLxJ+TMsxR67hfQTdlecIVMkmNaftehuGIahRM8nE xyA3PKBvQHm9bqmjCTTiaHj4mJ1bpkjjVthSSqfp7YkQTY4ZJZDsTin2z6E3E/7x2jvFVOBIqy5ErNlsU55JgSiYpkK7QnKEcWkKZFvZWwvpUU4Y2q6INwV98eZk 0ziq+V/Hvz8vV63kcBTiCYzgFHy6hCndQgzowyOEZXuHNeXJenHfnY9a64sxnDuEPnM8fr3yRwQ==</latexit><latexit sha1_base64="C2smLvmlaiW0mOuKHZ1M3fEsPv4=">AAAB+HicbVD LSgNBEOz1GeMjqx69DAbBU9gVRT0IAS8eI5gHZJcwO5lNhszOLjO9Qgz5Ei8eFPHqp3jzb5w8DppY0FBUddPdFWVSGPS8b2dldW19Y7OwVdze2d0rufsHDZPmmvE 6S2WqWxE1XArF6yhQ8lamOU0iyZvR4HbiNx+5NiJVDzjMeJjQnhKxYBSt1HFLAVJFgogjJTfkgnTcslfxpiDLxJ+TMsxR67hfQTdlecIVMkmNaftehuGIahRM8nE xyA3PKBvQHm9bqmjCTTiaHj4mJ1bpkjjVthSSqfp7YkQTY4ZJZDsTin2z6E3E/7x2jvFVOBIqy5ErNlsU55JgSiYpkK7QnKEcWkKZFvZWwvpUU4Y2q6INwV98eZk 0ziq+V/Hvz8vV63kcBTiCYzgFHy6hCndQgzowyOEZXuHNeXJenHfnY9a64sxnDuEPnM8fr3yRwQ==</latexit>
Figure 1: The branching ratio of X to various final states for tan β = 1 (Left) and
tan β = 5 (Right), with the assumption that the new scalars and the sterile neutrino
are heavier than mX/2. The branching ratio differs significantly depending on the value
of tan β. The highest branching ratio in the heavy mass region is to τ+τ−, due to a
combination of large q
X
and large EM charge.
SM final states for tan β = 1 and tan β = 5 is shown below in Fig. 1 3. In this figure, we
derived the branching ratio of X to hadrons using Ref. [61], and we have assumed the new
scalars and the sterile neutrino are heavier than mX/2. We can see that the branching
ratio of X to a pair of τs dominates for mX & 5 GeV (and up to mX ∼ 2mW ). This
channel dominates because of the relatively large values of qXτ and q
Z
τ compared to other
third generation fermions.
Having defined the model, we now move on to its LHC signatures. As mentioned
earlier, our focus is on mX > 10 GeV where low-energy constraints are absent. For
mX > 10 GeV the only non-LHC bounds are from Υ→ τ+τ− and the modification of the
oblique parameters. The contribution of off-shell X to Υ decay dies off rapidly as 1/m2X ,
and the constraints coming from oblique parameters become very mild for tan β > 2.
III. LHC CONSTRAINTS
The main advantage of the LHC is that it can produce theX gauge boson on-shell. This
fact is crucial, because amplitudes containing off-shell X are suppressed by two powers of
gX – one at the production vertex and another at its destruction. On-shell exchange, on
the other hand, comes with only one factor of gX at the X production vertex (amplitude
level) as the decay portion contributes some O(1) branching ratio factor.
The chief way to produce an on-shell X at the LHC is in associated production with a
pair of b jets, pp→ bb¯X. In such processes, we can benefit from the large QCD production
of bs as well as the sizable coupling of X with b quarks. The X boson can decay in many
ways, however, we will focus here on pp → bb¯X → bb¯τ+τ−. This choice is motivated by
the large Br(X → τ+τ−), however there are some other important benefits:
3 There is a constraint on the value of tanβ coming from Higgs coupling measurements, roughly between
1 ≤ tanβ ≤ 30. The exact range depends on the scalar h, φ, s spectrum, the details of which we ignore
here, therefore we will work with this approximate range.
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• large number of observables to help signal background discrimination, in contrast
to bb¯+ /ET production.
• there are no combinatorics issues, as opposed to the b¯bb¯b final state.
Because τs are not stable at the LHC, the search mode has to be further defined in
terms of the τ+τ− final decay products. While there exists several options, we find that
requiring at least one of the τs to decay leptonically is necessary to suppress the (otherwise
enormous) QCD background. To decide between semi-leptonic τs or fully leptonic ones,
let us turn our attention to potential triggers4. As leptons are relatively clean objects
at the LHC, they have softer trigger cuts, and the presence of multiple leptons softens
the requirement on each lepton further. As an example, the single lepton trigger at
CMS [62, 63] requires pT (`) > 23 (20) GeV if the lepton is electron (muon), and the
CMS di-lepton trigger [62, 63] requires pT (`1) > 17 GeV and pT (`2) > 12 (8) GeV with
the second leading lepton being electron (muon)5. Production of bb¯X is dominated near
threshold (rather than with boosted X), hence the leptons coming from a light X are
expected to have small pT . Therefore, for low mX the fully leptonic τs is the better
option since the softer thresholds in the dilepton trigger will accept more signal. For high
mX , the leptons from X decay are significantly energetic to be picked up efficiently by the
single lepton trigger. This makes the semi-leptonic mode viable, and its larger branching
fraction (compared to dileptonic taus) partially compensates for the drop in the signal
cross section as mX increases.
As the optimal bb¯τ+τ− final state depends on mX , we divide our analysis to two
sections. In the following section (Sec. III A), we study X gauge bosons with mX < mZ
using the bb¯`+`− /ET final state. Then, in Sec. III B, we use the bb¯`j /ET final state to
explore heavier X gauge bosons, mX ∼ [mZ , 2mW ). To thoroughly study the LHC
detection prospects, we generated a Universal FeynRules Output (UFO) model [66] using
Feynrules [67]. We then fed the model to MadGraph-aMC@NLO [68, 69] for all simulations6,
including the calculation of X total width for a given coupling (gX and sX). We used
Pythia 8.2 [70] for hadronization, showering, and τ decay, and Delphes [71] with default
cards for detector smearing, flavor tagging and jet reconstruction.
A. Light X: mX < mZ
As discussed above, for mX < mZ the final state we are interested in extracting is
bb¯`+`− /ET . The main contribution to the signal comes from pp → bb¯X with X → τ+τ−
(specifically, the process pp→ τ+τ−X followed byX → bb¯ only contributes to the signal at
sub-percent level); Fig. 2 shows some of the signal processes. Because X is predominantly
produced on-shell, the signal has little interference with the SM backgrounds. Therefore,
to a good approximation, the cross section can be expressed as:
σ(pp→ bb¯τ+τ−)
Signal
∼ cb(gX , tan β)2 × f(mX , s)× Br(X → τ+τ−)tanβ, (4)
4 As we will show in the subsequent sections, the ET/ distribution in the signal favors lower values.
Therefore, a ET/ trigger is also not ideal for our study
5 The ATLAS numbers trigger cuts are similar: single lepton requires the pT (`) > 26 GeV [64, 65], while
the di-lepton trigger requires pT (`) > 17 GeV, on both of the leading leptons [65].
6 We used the nn23lo1 parton distribution functions for all event samples, with factorization scale and
renormalization scale set to their default value, sˆ.
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<latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit>
b
<latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
b¯
<latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit>
b
<latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
b¯
<latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAA B7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7 p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1q z9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlC mCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/ MHZq+O5Q==</latexit>
b
<latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAA B6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3t nfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wY VnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTM j8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFo CNAg==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
⌧`
<latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit><latexit sha1_base64="mNGgTMjgRVtv0HZV6SXT8yXWdZ8=">AAA B8HicdZDLSgMxFIYzXmu9VV26CRbBVcnIaLssuHFZwV6kM5RMmmlDk5khOSOUoU/hxoUibn0cd76NmbaCiv4Q+PjPOeScP0ylMEDIh7Oyura+ sVnaKm/v7O7tVw4OOybJNONtlshE90JquBQxb4MAyXup5lSFknfDyVVR795zbUQS38I05YGio1hEglGw1p0PNBv4XMpBpUpqhHjEu8QFuA23P gdyUSfYLcCqipZqDSrv/jBhmeIxMEmN6bskhSCnGgSTfFb2M8NTyiZ0xPsWY6q4CfL5wjN8ap0hjhJtXwx47n6fyKkyZqpC26kojM3vWmH+Ve tnEDWCXMRpBjxmi4+iTGJIcHE9HgrNGcipBcq0sLtiNqaaMrAZlW0IX5fi/6FzXnNJzb3xqk1vGUcJHaMTdIZcVEdNdI1aqI0YUugBPaFnRz uPzovzumhdcZYzR+iHnLdPG9SQjw==</latexit>
X
<latexit sha1_base64="Qijp9Y +N5fbjZFNaxfd7GwkahE8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxS J4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKK vpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnktA2iXk sewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtp FZvWCo79lW9WvGqyLEdp+ZW3JxUat6lh1yj5CjDCs1h6X0wikkaUaEJ x0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhE YL9ftEhiOlZlFgOiOsJ+q3l4t/ef1Uh3U/YyJJNRVkuShMOdIxyr9GI yYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUzi DC3ChBg24gSa0gQCFB3iCZ+vOerRerNdl65q1mjmBH7DePgERoY0Q</ latexit><latexit sha1_base64="Qijp9Y +N5fbjZFNaxfd7GwkahE8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxS J4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKK vpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnktA2iXk sewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtp FZvWCo79lW9WvGqyLEdp+ZW3JxUat6lh1yj5CjDCs1h6X0wikkaUaEJ x0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhE YL9ftEhiOlZlFgOiOsJ+q3l4t/ef1Uh3U/YyJJNRVkuShMOdIxyr9GI yYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUzi DC3ChBg24gSa0gQCFB3iCZ+vOerRerNdl65q1mjmBH7DePgERoY0Q</ latexit><latexit sha1_base64="Qijp9Y +N5fbjZFNaxfd7GwkahE8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxS J4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKK vpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnktA2iXk sewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtp FZvWCo79lW9WvGqyLEdp+ZW3JxUat6lh1yj5CjDCs1h6X0wikkaUaEJ x0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhE YL9ftEhiOlZlFgOiOsJ+q3l4t/ef1Uh3U/YyJJNRVkuShMOdIxyr9GI yYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUzi DC3ChBg24gSa0gQCFB3iCZ+vOerRerNdl65q1mjmBH7DePgERoY0Q</ latexit><latexit sha1_base64="Qijp9Y +N5fbjZFNaxfd7GwkahE8=">AAAB6HicdVBNS8NAEJ34WetX1aOXxS J4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKK vpg4PHeDDPzgoQzpR3nw1pb39jc2i7sFHf39g8OS0fHHRWnktA2iXk sewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtp FZvWCo79lW9WvGqyLEdp+ZW3JxUat6lh1yj5CjDCs1h6X0wikkaUaEJ x0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhE YL9ftEhiOlZlFgOiOsJ+q3l4t/ef1Uh3U/YyJJNRVkuShMOdIxyr9GI yYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUzi DC3ChBg24gSa0gQCFB3iCZ+vOerRerNdl65q1mjmBH7DePgERoY0Q</ latexit>
X
<latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit>
X
<latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit>
X
<latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit><latexit sha1_base64="Qijp9Y+N5fbjZFNaxfd7GwkahE8=">AAA B6HicdVBNS8NAEJ34WetX1aOXxSJ4CkkNbb0VvHhswX5AG8pmu2nXbjZhdyOU0F/gxYMiXv1J3vw3btoKKvpg4PHeDDPzgoQzpR3nw1pb39jc 2i7sFHf39g8OS0fHHRWnktA2iXksewFWlDNB25ppTnuJpDgKOO0G0+vc795TqVgsbvUsoX6Ex4KFjGBtpFZvWCo79lW9WvGqyLEdp+ZW3JxUa t6lh1yj5CjDCs1h6X0wikkaUaEJx0r1XSfRfoalZoTTeXGQKppgMsVj2jdU4IgqP1scOkfnRhmhMJamhEYL9ftEhiOlZlFgOiOsJ+q3l4t/ef 1Uh3U/YyJJNRVkuShMOdIxyr9GIyYp0XxmCCaSmVsRmWCJiTbZFE0IX5+i/0mnYruO7ba8csNbxVGAUziDC3ChBg24gSa0gQCFB3iCZ+vOer RerNdl65q1mjmBH7DePgERoY0Q</latexit>
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Figure 2: The signal Feynman diagrams corresponding to the production of bb¯`+`− /ET
final state.
where cb(gX , tan β) is the coupling of X with b quarks. The subscript tan β in Eq. (4),
indicates that the branching ratio of X depends on tan β. Technically, the branching
ratio depends on mX as well, however, for the mass range of 2mb ≤ mX < 2mW the
branching ratios are constant with respect to mX . The remaining part of the cross section,
f(mX , s), governs the kinematics and is a function of mX and collider energy s only. In
our simulations, we generated events for mX = 10, 20, 30, 50, and 80 GeV, and fixed
gX = 0.02 and tan β = 5. However, as cb(gX , tan β) × Br(X → τ+τ−)tanβ do not play
a noticeable role in the kinematic distributions (which govern signal acceptances), the
LHC sensitivity at one gX , tan β value can be extended to other gX , tan β values simply
by rescaling:
σNew
Signal
∼ σOld
Signal
(
cb(g
n
X , tan β
n)
cb(goX , tan β
o)
)2
× Br(X → τ
+τ−)tanβn
Br(X → τ+τ−)tanβo , (5)
where the indices n and o refer to new and old, respectively.
There are a number of SM process that give rise to the bb¯`+`− /ET final state, namely:
1.) pp→ bb¯V`+τ`V`+τ` :
 bb¯W
+
`+τ`
W−`+τ`
bb¯(Z/γ?)`+τ`Zν
2.) pp→ bb¯τ+` τ−`
3.) pp→ bb¯`+`− (6)
where ` = e, µ, and (W/Z)`+τ refers to all possible charged leptonic decay of W/Z.
Similarly, τ` refers to the decay of τ to lighter leptons. The main difference between
these three backgrounds is the number of neutrinos. The first background has two or
six neutrinos, depending on whether the gauge bosons decay to ` or τ`, respectively, the
second background has four, and the third does not have any neutrinos. However, due
to pile-up, jet mis-measurement, and the leptonic decays of a charged B mesons in the
b-jets, a net ET/ can be generated, making the last background worthy of mentioning.
A few of the important Feynman diagrams for the SM production of bb¯`+`− /ET are
shown in Fig. 3. The largest irreducible background comes from pp → tt¯ → bb¯W+W−,
8
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W
<latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>
W
<latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJn Ie9J1Gh7sgYA7xzOw=">AAAB6HicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx 5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq77 7RS2tnd294r7pYPDo+OT8ulZR8epYthmsYhVL6AaBZfYNtwI7CUKaRQI7AbTu4X ffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqd d9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQRaj9bHjonV1YZkTBWtqQhS/X3REYjrWd RYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZ mx2ZRsCN76y5ukU6t6btVr3VQatTyOIlzAJVyDB3VowD00oQ0MEJ7hFd6cR+fF eXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
⌫
<latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
⌫
<latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZm BxX7v7km9bQroH4TM=">AAAB6nicbVBNS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF4 8VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZp Mb0PDfFIKcaBZN8VulnhqeUTeiI9yxVNOYmyBenzsiFVYYkSrQthWSh/p7IaWz MNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTD VlaNOp2BC81ZfXSbtR99y6d39VazaKOMpwBudwCR5cQxPuoAU+MBjBM7zCmyOd F+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit> b
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⌫
<latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
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<latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
b
<latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit>
b¯
<latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
⌫
<latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
⌫
<latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit><latexit sha1_base64="JdvQp5oFZmBxX7v7km9bQroH4TM=">AAAB6nicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48VTVtoQ9lsN+3SzSbsToQS+hO8eFDEq7/Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ19lg2rNrbsLkHXiFaQGBVqD6ld/mLAs5gqZpMb0PDfFIKcaBZN8VulnhqeUTeiI9yxV NOYmyBenzsiFVYYkSrQthWSh/p7IaWzMNA5tZ0xxbFa9ufif18swuglyodIMuWLLRVEmCSZk/jcZCs0ZyqkllGlhbyVsTDVlaNOp2BC81ZfXSbtR99y6d39VazaKO MpwBudwCR5cQxPuoAU+MBjBM7zCmyOdF+fd+Vi2lpxi5hT+wPn8AVoTjcc=</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
W
<latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>
W
<latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit><latexit sha1_base64="+w0i5pnSJnIe9J1Gh7sgYA7xzOw=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKUI8FLx5bsB/QhrLZTtq1m03Y3Qgl9Bd48aCIV3+SN/+N2zYHbX0w8Hhvhpl5QSK4Nq777RS2tnd294r7pYPDo+OT8ulZR8epYthm sYhVL6AaBZfYNtwI7CUKaRQI7AbTu4XffUKleSwfzCxBP6JjyUPOqLFSqzssV9yquwTZJF5OKpCjOSx/DUYxSyOUhgmqdd9zE+NnVBnOBM5Lg1RjQtmUjrFvqaQR aj9bHjonV1YZkTBWtqQhS/X3REYjrWdRYDsjaiZ63VuI/3n91IS3fsZlkhqUbLUoTAUxMVl8TUZcITNiZgllittbCZtQRZmx2ZRsCN76y5ukU6t6btVr3VQatTyOI lzAJVyDB3VowD00oQ0MEJ7hFd6cR+fFeXc+Vq0FJ585hz9wPn8Ar2WMyw==</latexit>
Z<latexit sha1_base64="x+Eta8j2jjgajm+yl2ZszJ4wp8w=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyx WMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQR aj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOI pzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4As/GMzg==</latexit><latexit sha1_base64="x+Eta8j2jjgajm+yl2ZszJ4wp8w=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyx WMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQR aj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOI pzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4As/GMzg==</latexit><latexit sha1_base64="x+Eta8j2jjgajm+yl2ZszJ4wp8w=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyx WMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQR aj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOI pzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4As/GMzg==</latexit><latexit sha1_base64="x+Eta8j2jjgajm+yl2ZszJ4wp8w=">AAAB6HicbVB NS8NAEJ3Ur1q/qh69LBbBU0mKoMeCF48t2A9sQ9lsJ+3azSbsboQS+gu8eFDEqz/Jm//GbZuDtj4YeLw3w8y8IBFcG9f9dgobm1vbO8Xd0t7+weFR+fikreNUMWyx WMSqG1CNgktsGW4EdhOFNAoEdoLJ7dzvPKHSPJb3ZpqgH9GR5CFn1Fip+TAoV9yquwBZJ15OKpCjMSh/9YcxSyOUhgmqdc9zE+NnVBnOBM5K/VRjQtmEjrBnqaQR aj9bHDojF1YZkjBWtqQhC/X3REYjradRYDsjasZ61ZuL/3m91IQ3fsZlkhqUbLkoTAUxMZl/TYZcITNiagllittbCRtTRZmx2ZRsCN7qy+ukXat6btVrXlXqtTyOI pzBOVyCB9dQhztoQAsYIDzDK7w5j86L8+58LFsLTj5zCn/gfP4As/GMzg==</latexit>
Z/ 
<latexit sha1_base64="Jzva5PndNtznE0gqOTwF1UcI/p0=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFS5+GiN0QhsF+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wefPI+i</latexit><latexit sha1_base64="Jzva5PndNtznE0gqOTwF1UcI/p0=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFS5+GiN0QhsF+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wefPI+i</latexit><latexit sha1_base64="Jzva5PndNtznE0gqOTwF1UcI/p0=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFS5+GiN0QhsF+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wefPI+i</latexit><latexit sha1_base64="Jzva5PndNtznE0gqOTwF1UcI/p0=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFS5+GiN0QhsF+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wefPI+i</latexit>
b
<latexit sha1_base64="H563ifM/CC jF8hjhJkbqmSNFJyg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF4 9VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJj el5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2Jh pHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYas rQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3Fe nHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CC jF8hjhJkbqmSNFJyg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF4 9VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJj el5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2Jh pHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYas rQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3Fe nHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CC jF8hjhJkbqmSNFJyg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF4 9VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJj el5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2Jh pHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYas rQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3Fe nHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CC jF8hjhJkbqmSNFJyg=">AAAB6XicbVBNS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF4 9VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+ O6WNza3tnfJuZW//4PCoenzSNkmmGfdZIhPdDanhUijuo0DJu6nmNA4l74ST27n feeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJj el5bopBTjUKJvms0s8MTymb0BHvWapozE2QLy6dkQurDEmUaFsKyUL9PZHT2Jh pHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYas rQhlOxIXirL6+T9lXdc+vefaPWbBRxlOEMzuESPLiGJtxBC3xgEMEzvMKbM3Fe nHfnY9lacoqZU/gD5/MHFoCNAg==</latexit>
b¯
<latexit sha1_base64="8aBo0U60Mi A8LcpoLss22rWeE6o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF4 8RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06Pvf Xmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c 7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLj VxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q 0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR 9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3 L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60Mi A8LcpoLss22rWeE6o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF4 8RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06Pvf Xmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c 7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLj VxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q 0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR 9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3 L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60Mi A8LcpoLss22rWeE6o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF4 8RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06Pvf Xmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c 7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLj VxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q 0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR 9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3 L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60Mi A8LcpoLss22rWeE6o=">AAAB7nicbVDLSgNBEOyNrxhfUY9eBoPgKeyKoMeAF4 8RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06Pvf Xmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c 7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLj VxRa3uBn2KYU4OSKzGr9DMrUsondCR6jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q 0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR 9TQzm6hCouhGD15XXSvqoHfj14uK41ros4ynAG53AJAdxAA+6hCS3gMIFneIU3 L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit>
 /Z
<latexit sha1_base64="KVUC8G7Z5b bfpivvEtshFi3ixlc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8 cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9 O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE6KmnEnaNMxw2kkURRFy2g7HNzO //USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkF VQawlHrru8lJshQGUY4nZZ6qaYJkjEOaddSiYLqIJvfO3XPrDJwo1jZksadq78 nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm 91yQgVEmMjKtkQ/OWXV0mrVvW9qn93WanX8jiKcAKncA4+XEEdbqEBTSDA4Rle 4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5b bfpivvEtshFi3ixlc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8 cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9 O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE6KmnEnaNMxw2kkURRFy2g7HNzO //USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkF VQawlHrru8lJshQGUY4nZZ6qaYJkjEOaddSiYLqIJvfO3XPrDJwo1jZksadq78 nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm 91yQgVEmMjKtkQ/OWXV0mrVvW9qn93WanX8jiKcAKncA4+XEEdbqEBTSDA4Rle 4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5b bfpivvEtshFi3ixlc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8 cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9 O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE6KmnEnaNMxw2kkURRFy2g7HNzO //USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkF VQawlHrru8lJshQGUY4nZZ6qaYJkjEOaddSiYLqIJvfO3XPrDJwo1jZksadq78 nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm 91yQgVEmMjKtkQ/OWXV0mrVvW9qn93WanX8jiKcAKncA4+XEEdbqEBTSDA4Rle 4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5b bfpivvEtshFi3ixlc=">AAAB73icbVBNS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8 cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9 O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2SmMeqE6KmnEnaNMxw2kkURRFy2g7HNzO //USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkF VQawlHrru8lJshQGUY4nZZ6qaYJkjEOaddSiYLqIJvfO3XPrDJwo1jZksadq78 nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm 91yQgVEmMjKtkQ/OWXV0mrVvW9qn93WanX8jiKcAKncA4+XEEdbqEBTSDA4Rle 4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+N Wdhq/t7lAVJ9h0DD4=">AAAB+HicbZDLSsNAFIYn9VbrpVGXbgaL4EJKUgRdFt y4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH +bYqG5tb2zvV3dre/sFh3T467slUCwpdmvJUDEIigbMEuoopDoNMAIlDDv1welv U+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL 2+UUh1DoignUg5dJ1N+ToRilMO85mkJGaFTMoahwYTEIP18cfgcnxtnhKNUmJc ovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMw OECmZuxXRCBKHKZFUzIbirX16HXqvpOk33/qrRbpVxVNEpOkMXyEXXqI3uUAd1 EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
 /Z
<latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit>
b¯
<latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit><latexit sha1_base64="8aBo0U60MiA8LcpoLss22rWeE6o=">AAAB7nicbVD LSgNBEOyNrxhfUY9eBoPgKeyKoMeAF48RzAOSJcxMZpMhs7PLTK8QlnyEFw+KePV7vPk3TpI9aGJBQ1HVTXcXS5W06PvfXmljc2t7p7xb2ds/ODyqHp+0bZIZLlo8 UYnpMmqFklq0UKIS3dQIGjMlOmxyN/c7T8JYmehHnKYijOlIy0hyik7q9Bk1hJFBtebX/QXIOgkKUoMCzUH1qz9MeBYLjVxRa3uBn2KYU4OSKzGr9DMrUsondCR6 jmoaCxvmi3Nn5MIpQxIlxpVGslB/T+Q0tnYaM9cZUxzbVW8u/uf1Moxuw1zqNEOh+XJRlCmCCZn/TobSCI5q6gjlRrpbCR9TQzm6hCouhGD15XXSvqoHfj14uK41r os4ynAG53AJAdxAA+6hCS3gMIFneIU3L/VevHfvY9la8oqZU/gD7/MHZq+O5Q==</latexit>
b
<latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit><latexit sha1_base64="H563ifM/CCjF8hjhJkbqmSNFJyg=">AAAB6XicbVB NS8NAEJ3Ur1q/qh69LBbBU0mkoMeCF49VTFtoQ9lsN+3SzSbsToQS+g+8eFDEq//Im//GbZuDtj4YeLw3w8y8MJXCoOt+O6WNza3tnfJuZW//4PCoenzSNkmmGfdZ IhPdDanhUijuo0DJu6nmNA4l74ST27nfeeLaiEQ94jTlQUxHSkSCUbTSQ0gG1Zpbdxcg68QrSA0KtAbVr/4wYVnMFTJJjel5bopBTjUKJvms0s8MTymb0BHvWapo zE2QLy6dkQurDEmUaFsKyUL9PZHT2JhpHNrOmOLYrHpz8T+vl2F0E+RCpRlyxZaLokwSTMj8bTIUmjOUU0so08LeStiYasrQhlOxIXirL6+T9lXdc+vefaPWbBRxl OEMzuESPLiGJtxBC3xgEMEzvMKbM3FenHfnY9lacoqZU/gD5/MHFoCNAg==</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
`, ⌧`
<latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit><latexit sha1_base64="jp1PGq+0+NWdhq/t7lAVJ9h0DD4=">AAAB+HicbZD LSsNAFIYn9VbrpVGXbgaL4EJKUgRdFty4rGAv0IQwmZ60QycX5iLU0Cdx40IRtz6KO9/GSZuFtv4w8PGfczhn/jDjTCrH+bYqG5tb2zvV3dre/sFh3T467slUCwpd mvJUDEIigbMEuoopDoNMAIlDDv1welvU+48gJEuTBzXLwI/JOGERo0QZK7DrHnB+iT1FdFBgYDecprMQXge3hAYq1QnsL2+UUh1DoignUg5dJ1N+ToRilMO85mkJ GaFTMoahwYTEIP18cfgcnxtnhKNUmJcovHB/T+QklnIWh6YzJmoiV2uF+V9tqFV04+csybSChC4XRZpjleIiBTxiAqjiMwOECmZuxXRCBKHKZFUzIbirX16HXqvpO k33/qrRbpVxVNEpOkMXyEXXqI3uUAd1EUUaPaNX9GY9WS/Wu/WxbK1Y5cwJ+iPr8wcos5K0</latexit>
 /Z
<latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit><latexit sha1_base64="KVUC8G7Z5bbfpivvEtshFi3ixlc=">AAAB73icbVB NS8NAEJ3Ur1q/qh69BIvgqSZF0GPBi8cK9gPbUCbbTbt0dxN3N0IJ/RNePCji1b/jzX/jts1BWx8MPN6bYWZemHCmjed9O4W19Y3NreJ2aWd3b/+gfHjU0nGqCG2S mMeqE6KmnEnaNMxw2kkURRFy2g7HNzO//USVZrG8N5OEBgKHkkWMoLFSpzdEIfDioV+ueFVvDneV+DmpQI5Gv/zVG8QkFVQawlHrru8lJshQGUY4nZZ6qaYJkjEO addSiYLqIJvfO3XPrDJwo1jZksadq78nMhRaT0RoOwWakV72ZuJ/Xjc10XWQMZmkhkqyWBSl3DWxO3veHTBFieETS5AoZm91yQgVEmMjKtkQ/OWXV0mrVvW9qn93W anX8jiKcAKncA4+XEEdbqEBTSDA4Rle4c15dF6cd+dj0Vpw8plj+APn8wegmY+i</latexit>
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Figure 3: The SM backgrounds to bb¯`+`− + /ET production at the LHC. In these
diagrams ` = µ, e, and τ` refers to a τ that decays leptonically. The first line the
Feynman diagrams corresponds to the first mentioned background in Eq. 6. The second
and third backgrounds in Eq. (6) are shown in the second line of these Feynman
diagrams, where the gauge bosons decay to τ` and `, respectively.
as it is purely a QCD process with Br(t → bW ) ' 1. Other (continuum) processes
contributing to the first background in Eq. (6) do not have a large rate. The second
background, bb¯τ+` τ
−
` , is very similar to the signal, where X is replaced with a Z or γ.
Technically, the
(
pp→ bb¯τ+` τ−`
)
background and the signal can interfere, however the fact
that X are predominantly produced on-shell renders the interference is very small7. The
last background is similar to the second background, but instead of producing a pair of τ
leptons, Z/γ → `+`−.
We must also include (reducible) backgrounds where a gluon/light flavor jet is mis-
identified as a b-jet. The mis-identification rate of a c jets is significantly higher than other
light quark/gluon initiated jets (collectively referred to as jl). Therefore, we considered
charm-jet and light-jet processes separately. To include the impact of misidentifications,
we add two versions of all backgrounds in Eq. (6) – one with b jets replaced with c and
one with b replaced by jl. For example, the second background is expanded to include:
2.)pp→ bb¯ τ+` τ−` ⇒
{
pp→ cc¯τ+` τ−`
pp→ jl jlτ+` τ−` (7)
Other backgrounds induced by lepton mis-identification are expected to have a very low
rates [72–75] and thus are ignored in this study. The MC event samples for all processes
are simulated at leading order (LO), with the overall rates scaled to next-to-leading-order
(NLO)8.
7 In our simulations, we force X to be on-shell. To make sure this shortcut does not significantly
influence our results, we tested the effects of off-shell X (and interference) for various values of mX .
In all cases, the difference between on-shell X and the full treatment was negligible.
8 Using MadGraph5-aMC@NLO for a 13 TeV LHC, we find the κbb¯V`+τ`V`+τ`
≡ σNLO/σLO of the
bb¯V`+τ`V`+τ` process is roughly 1.4, 1.8 for κbb¯τ+τ− , 1.9 for κbb¯`+`− . For the reducible background
where a light flavor/gluon jet is mis-identified as a b-jet, we assume κ = 2. The κ of the signal is
assumed to be 1.8, due to the similar topology of the signal with the bb¯τ+τ− background.
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Before studying the kinematic distributions, we impose some preliminary cuts to ensure
the events have been triggered upon, and that the visible final states are within the fiducial
region of the detector. Specifically, we select events that satisfy the following requirements:
– Include exactly two isolated opposite sign leptons (any combination of electrons
and muons) with |η| < 2.5 and separated from each other by ∆R > 0.4. We
further require the leptons to satisfy the dilepton trigger: the leading lepton must
have pT (`1) > 17 GeV, and the second leading lepton is required to have pT (`2) >
12(8) GeV if the lepton is electron (muon).
– Include exactly two jets with pT (j) > 30 GeV, |η| < 2.5, and separated from each
other by ∆R > 0.4. Both jets must be b-tagged. We use the b-tagging option in
Delphes [71], which corresponds to roughly a b-tagging efficiency of 60%, with a
charm mistagging of 15% and a light jet mis identification rate of 1%.
After these requirements, the largest background is bb¯V`+τ`V`+τ` with cross section of
1362 fb, followed by bb¯`+`− with 255 fb cross section, while that of bb¯τ+τ− is 28 fb.
Among the reducible (fake b) backgrounds, cc¯`+`− (20.3 fb), jljl`+`− (8 fb), and cc¯τ+τ−
(2.4 fb) are the most significant. The rest of the irreducible backgrounds have cross
sections ≤ 2 fb (see Table II).
Thankfully, the topology of the dominant background – bb¯V`+τ`V`+τ` – is vastly different
from the signal, giving us a hope to reduce it further with additional kinematic cuts. One
variable that is particularly useful in teasing out the signal is the invariant mass of the
leptons. In the signal we know m`` < mX , while the invariant mass of the leptons in
bb¯V`+τ`V`+τ` has a broad, featureless distribution. Therefore, requiring an upper bound
on m`` can significantly suppress the bb¯V`+τ`V`+τ` background while retaining most of the
signal region. A comparison of the m`` distribution (area normalized) for the background
and a signal benchmark, mX = 30 GeV is shown below in the left panel of Fig. 4.
For light mX , the only background that behaves similarly to the signal is pp→ γ∗ →
τ+` τ
−
` , `
+`−. The cross section of this background is highly suppressed by the isolation
cut ∆R(`+, `−) > 0.4. The isolation cut also impacts the signal for small values of mX ,
however, for all benchmarks we are considering (mX ≥ 10 GeV) imposing lepton isolation
is more beneficial than relaxing it.
To understand the discriminatory power of the m`` cut, we plot the m`` of backgrounds
normalized to actual cross section, in Fig. 5. The dark blue region is the distribution of
the signal with mX = 30 GeV. The cyan region belongs to the bb¯V`+τ`V`+τ` distribution,
the red shaded region is the bb¯(`+`−)Z , and the magenta dotted distribution belongs to
bb¯(`+`−)γ distribution. The reducible background cc¯`+`− and jljl`+`− are also shown in
red. The smooth green region belongs to bb¯τ+` τ
−
` , and the dotted green distribution is for
cc¯ τ+` τ
−
` . Only basic selections have been imposed on these distributions.
For our mX = 30 GeV benchmark, imposing m`` < 25 GeV eliminates 96% of the
background while retaining 97% of the signal. For other mX benchmarks, an appropriately
optimized m`` cut performs similarly, though its effectiveness decreases for larger mX . The
decrease can be understood by looking at the m`` distribution for various mX , shown in
the right panel of Fig. 4. As we increase mX , the m`` distribution broadens and gets more
separated from the mX value. The broadening occurs as a result of the allocation of the
X’s energy between leptons and neutrinos. The power of m`` in distinguishing the signal
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Figure 4: Left: The area-normalized distribution of invariant mass of the two leptons
(m``) for one of the signal benchmarks mX = 30 GeV, compared with the dominant
backgrounds. These distributions are after the basic cuts, and Z(?) → `` and γ∗ → ``
have been listed as separate contributions since the interference between them is small.
To make the distribution in less cluttered, we did not include the reducible backgrounds
(Eq. 12), however the distributions of cc¯`+`− and jljl`+`− behave like bb¯`+`−, and
cc¯τ+` τ
−
` looks similar to bb¯τ
+
` τ
−
` . Right: The area-normalized m`` distribution for
various X masses are shown. The distribution of m`` becomes less faithful to mX as we
increase the mass of X.
for each of the benchmarks is tabulated in Appendix A, where the upper bound on m``
(approximately m`` . 4/5mX) has been optimized for each mX value.
Another variable that is useful in signal-background discrimination is the azimuthal an-
gle between the dilepton and the net missing energy vector ∆φ(``, /ET ). Since leptons and
neutrinos come from X, we expect to see some angular correlations between the leptons
and the ET/ vector. Because we do not know the pseudo-rapidity of the transverse missing
energy (ET/ ) vector, the distribution of azimuthal angle provides a better discrimination
than the total separation. A comparison between the two distributions of ∆R(``, /ET ) and
∆φ(``, /ET ) is presented in Fig 6. For the benchmarks with mX ≤ 50 GeV, the optimum
cut seems to be ∆φ(``, /ET ) . 0.5.
Finally, we use the ET/ distribution to further discriminate between the signal and the
background. As shown in Fig. 7, the signal favors low ET/ regime. That is because bb¯X
production is maximum near threshold, where X is almost stationary. The two neutrinos
are, therefore, almost back-to-back, resulting in low ET/ in the signal. Thereby, we can
impose an upper limit on ET/ , to suppress bb¯V`+τ`V`+τ` and bb¯τ
+
` τ
−
` backgrounds.
Unfortunately, one background that favors low ET/ is bb¯`
+`−, because its ET/ is mostly a
result of mismeasurement. To reduce this background, we must impose a lower bound on
ET/ in addition to the upper bound. The exact upper and lower ET/ cuts were determined
using our simulated events and adjusted to optimize the significance; the specific values
for each of the benchmarks is presented in Appendix A, however the cut on ET/ is roughly
10 . /ET . 70 GeV.
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Figure 5: The m`` distribution of the backgrounds scaled according to their cross
section. The signal benchmark chosen for this plot is (mX , gX) = (30 GeV, 0.02).
However, since the cross section of the signal is very small compared to the
backgrounds, we multiplied the signal distribution by a factor of 10 to make it more
visible in the plot. This distribution is only after the basic cuts. By imposing m`` < 25,
we can keep most of the signal, while throwing away a large portion of the background.
To quantify the sensitivity of our search, we follow the conventional definitions:
S ≡ Luminosity×σ(pp→ bb¯τ+` τ−` )X × κsignal
B ≡ Luminosity×
{
σ(pp→ bb¯V`+τ`V`+τ`)SM × κbb¯V`+τ`V`+τ`
+ σ(pp→ bb¯τ+
`
τ−
`
)SM × κbb¯τ+τ−
+ σ(pp→ bb¯`+`−)× κbb¯`+`−
}
. (8)
In other words, S and B are respectively the number of signal and total background events
(scaled to NLO rates) that we expect to observe at the LHC for a given luminosity and
our cut flow. Using these, we quantify the discovery potential of our analysis using the
significance, defined –following Ref. [76] – as:
Significance =
S
δB
=
S√
B +
∑
i λ
2
iB
2
, (9)
where λi represent the systematic uncertainties associated with each background. We
used the following values for λi, taken from the CMS leptonic bb¯V`+τ`V`+τ` search [77, 78]:
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Figure 6: The comparison between area-normalized ∆R(ll, /ET ) (Left) and ∆φ(ll, /ET )
(Right) distributions. Only basic cuts have been imposed on these distributions. Even
though these two plots are highly correlated, ∆φ(ll, /ET ) exhibits a better signal -
background separation. That is because the pseudo-rapidity information of the
ET/ vector is not available at the LHC. Due to the similar behavior of the reducible
backgrounds with their corresponding irreducible background, their contribution is
ignored in this plots.
Figure 7: The area-normalized distribution of the transverse missing energy after the
basic cuts is shown. Similar to previous distribution plots, we have ignored the reducible
background’s contribution.
λbb¯V`+τ`V`+τ`
= 5%, λbb¯τ+τ− = 10%, and λbb¯`+`− = 15%. Finally, it is important to note
that we have ignored the effect of pile-up in our analysis. Including the effect of pile-up
will likely affect the lower bound on ET/ . Specifically, it will effect the contribution of
the bb¯`+`− process in the background. However, the cross section of bb¯`+`− even before
imposing the ET/ cut is already much smaller than other processes, and thus we do not
expect that a small change in its cross section to alter our results significantly.
For each mX benchmark, the cuts on the m``,∆φ(``, /ET ) and /ET distributions have
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cuts Xµ SM backgrounds (fb)
(30 GeV, 0.02)
bb¯`+`−
cc¯`+`−
jljl`
+`−
bb¯V V
cc¯V V
jljlV V
bb¯τ+τ−
cc¯τ+τ−
jljlτ
+τ−
significance|L=100 fb−1
basic selection 8.13
254.3
20.3
8
1362
2
1.8
27.8
2.4
2
0.005
m`` < 25 GeV 7.9
2.6
0.85
0.5
12.44
0.2
0.18
0.16
0.06
0.02
5.77
∆φ(``, /ET ) < 0.53 6.4
0.3
0.09
0.2
0.44
0.0
0.0
0.13
0.04
0.02
40.0
14 < /ET < 50 5.48
0.09
0.02
0.1
0.3
0.0
0.0
0.07
0.02
0.02
49.0
efficiencies 67.4%
0.03%
0.01%
0.1%
0.02%
0.0%
0.0%
0.3%
0.8%
1%
Table II: The effect of each cut on the signal benchmark with mX = 30 GeV and each of
the backgrounds.
been optimized to yield the largest significance (Eq. (9)). Once the cuts have been opti-
mized, we use Eq. (5) to extrapolate the analysis to other gX values and trace out contours
of a desired significance, as shown in Fig. 8. The red lines are the bounds with (roughly)
the current luminosity of the LHC – 100 fb−1 – while the green lines are the projected
sensitivity with the full luminosity of HL-LHC (3 ab−1). The solid lines present the 3
σ (significance as defined in Eq. (9) = 3) exclusion bound assuming the full systemat-
ical uncertainties mentioned earlier, and the dashed lines are 3 σ significance when the
systematic uncertainties are cut into half.
As we can see from Fig. 8, the LHC can probe a region of the parameter space that is
out of reach of other current experiments. The LHC bounds are best in the mass range
20 − 40 GeV. The constraints on lighter X are milder, due to the low dilepton trigger
efficiency and a relatively lower b-tagging efficiency, and the sensitivity for heavier X
drops because the distribution of the signal and backgrounds become more similar, and
so the cuts become less efficient.
Above 50 GeV, the limits worsen quickly. Therefore, it is worth exploring if there are
any additional variables that can improve the bounds in the mass range 50 GeV < mX <
mZ . The most troublesome background in this mass range is bb¯V`+τ`V`+τ` , and the most
important contribution to bb¯V`+τ`V`+τ` comes from tt¯. The goal of the next sub-section is
to investigate some kinematic handles that specifically target the tt¯ background.
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Figure 8: By imposing an optimized cut on the mentioned variables, the LHC can probe
the indicated parameter space up to 3 σ significance, with 100 fb−1 integrated
luminosity. The solid red line represents the significance with the systematic
uncertainties mentioned in the section. The dashed red line is the significance when the
systematic uncertainties are half. The green lines show the projected sensitivity at
HL-LHC with 3 ab−1 integrated luminosity. The bound from Υ→ τ+τ− at BaBar [33]
in shown in blue. Due to the low efficiency of the trigger cut, our sensitivity to very
light mX is weak; for 20 GeV < mX < 40 GeV we have our maximum sensitivity, then
the sensitivity drops again as mX increases due to a combination of a lower signal cross
section and a decline in the discriminatory power of the cuts. In Sec. III A 1, we will
motivate and study some variables that enhance the sensitivity to heavier mX
(> 50 GeV). The presented bounds are for tan β = 5. However, for any tan β > 1, the
sensitivity is almost the same.
1. Further Separation of the Signal from the bb¯V`+τ`V`+τ` background, for mX ∼ mZ
The dominant background to our signal is tt¯→ bb¯W+`,τ`W−`,τ` . This background has some
specific features that can help us separate this process from the signal. For example, the
leptons and neutrinos in tt¯ come from W decays, whereas in the signal, they are due to
τ decays. Therefore, MT2, defined as
MT2 = minν1T+ν2T=/ET (max(MT (`
+, ν1),MT (`
−, ν2))), (10)
with νiT being the transverse momentum of the either sources of missing energy, should
show a decent separation between the signal and the tt¯ background. Since we are partic-
ularly interested in enhancing the sensitivity for mX ∼ mZ , in the left panel of Fig. 9, we
compare the distribution of the benchmark with mX = 80 GeV with the backgrounds.
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Figure 9: The area-normalized distribution of various benchmarks (left) and the
signal-backgrounds comparison (right) with respect to MT2 is shown. The signal
prefers small value of MT2, whereas the bb¯V`+τ`V`+τ` backgrounds has a broad
feature-less distribution.
As expected, MT2 of the signal prefers small values (. 20 GeV), while MT2 for the tt¯
background ∼ mW . The distribution of MT2 for various benchmarks, after basic cuts
only (so no m``,∆φ(``, /ET ), etc.), is also shown in the right panel of Fig. 9. Even though
the separation of the signal from the bb¯V`+τ`V`+τ` background is more visible for lighter
X, MT2 does not improve the bounds for mX < 50 GeV compared to the combination of
kinematic cuts introduced in the previous section. For heavy X, however, the efficiency of
a cut on ∆φ(``, /ET ) and /ET distributions is not as efficient as a cut on MT2. By requiring
MT2 < 16 GeV, the significance goes up by a factor of 3 for mX = 80 GeV, and the
mild discrimination in the ∆φ(``, /ET ) and /ET distributions fade off. Therefore, we can
no longer impose an efficient cut on ∆φ(``, /ET ) and /ET distributions.
Another attribute of the tt¯ background is that there is an intimate relationship between
b jets and leptons: mbl . mt. In the signal, on the other hand, such correlation does
not exist, and mbl can take any arbitrary values. To take advantage of this difference,
we study mb` in Fig. 10, where the b − ` is one of the combinations that minimizes
(m`ibk −mt)2 + (m`jbn −mt)2), with i 6= j and k 6= n. The distributions for mb` for the
backgrounds and a mX = 80 GeV benchmark are shown below in Fig. 10. We can see
that there is a modest separation9 between the tt¯ background and other processes. A cut
on this distribution can enhance the significance by 15% for the benchmark (mX , gX) =
(80 GeV, 0.02).
To improve on this guess, we tried finding the neutrino momenta by reconstructing the
W and top mass. In particular, we scanned through all possible values of momenta that
give the smallest χ2, defined as:
χ2 =
(m2`iν1 −m2W )2
σ4
W
+
(m2`jν2 −m2W )2
σ4
W
+
(m2bk`iν1 −m2t )2
σ4t
+
(m2bn`jν1 −m2t )2
σ4t
, (11)
9 According to the distributions in Fig. 10, the signal mostly resides in mb` . 200 GeV, and thus the
CMS search for third generation leptoquarks [56, 57] with mb` > 250 GeV does not have a noticeable
sensitivity to our signal.
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Figure 10: The invariant mass of b and lepton that minimizes (m`ibk −mt)2+
(m`jbn −mt)2 is shown here. The distribution of both reconstructed tops are very
similar, and so we are showing only one combination. The signal distribution, shown in
solid blue, is for the benchmark mX = 80 GeV. The most important background is tt¯,
shows is shown in dashed red.
where σW and σt are arbitrary values we can use to enhance our discrimination. How-
ever, regardless of the values of σt,W , this method did not improve the signal-background
discrimination. Therefore, the only cuts that could improve our sensitivity to mX ∼ mZ
were MT2 < 16 GeV and mbl < 100 GeV. With these cuts, more than 94% of the back-
ground is removed, while almost 50% of the signal is preserved. The effect of these cuts
on the significance is shown in Fig. 11. Since the cross section is proportional to two
factors of the coupling (σ ∝ g2X), improving the limit by a factor of 4 translates into an
improvement in the coupling by a factor of 2.
Having exhausted the cut-based search strategies for light mX , we now turn to mX >
mZ . In this regime, the τs coming from the decay of X gauge boson are expected to be
energetic enough such that the resulting lepton from one of the τs can pass the single
lepton trigger with high efficiency. Therefore, we study the semi-leptonic bb¯τhτ`.
B. Heavy X: mX > mZ
The cross section for X production falls as mX increases. To compensate for the lower
cross section, for mX > mZ we shift final states to semi-leptonic τs (one tau decays to
leptons, one to hadrons) to take advantage of the higher branching ratio of τ to hadrons.
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Figure 11: The contribution of MT2 and mbl to improving the sensitivity for
mX = 80 GeV. The dashed line indicates the 3 σ significance with only the basic cuts
and 25 < m`` < 60 GeV with 100 fb
−1 integrated luminosity. The solid line is the 3 σ
significance with the same amount of luminosity with the basic cuts +
25 < m`` < 60 GeV + mT2 < 16 GeV + mb` < 100 GeV. The extra cuts improve the
sensitivity by roughly factor of 1.7.
The SM backgrounds we need to be concerned about are
1.) pp→ bb¯ Wτ
h
W±`+τ
`
2.) pp→ bb¯ τhτ±`
3.) pp→ bb¯W±`+τ` + jets
4.) pp→ bb¯ (Z/γ)`+τ` + jets, (12)
where, ` = e, µ, and τ` refers to the leptonic decay of a τ . Similarly, h represents the
hadronic decay. Only the first two backgrounds mentioned in Eq. 12 are irreducible. As
hadronic taus can be faked by ‘normal’ jets (= jl+c+ c¯+b+ b¯), we must include lepton +
jet backgrounds such as 3.) and 4.) above10. To estimate the backgrounds with fake taus,
we rely on the built-in tau identification algorithm in Delphes, where we input matched
samples11.
As in the previous section, we must also consider backgrounds where a charm jet or a
light quarks/gluon jet (jl) is mis-identified as a b-jet. For example:
3.)pp→ bb¯ W±`+τ` + jets⇒
{
pp→ cc¯ W±`+τ` + jets
pp→ jl jlW±`+τ` + jets
, (13)
10 Backgrounds 3.) and 4.) in Eq. (12) are separated as they contain different numbers of charged
leptons. The third background has one lepton, and the fourth background contains two leptons, with
some probability that one of the leptons fall outside of the acceptance and manifests itself as missing
energy.
11 We use MLM matching with Madgraph5 + PYTHIA8, with xqcut = 20 [79]. We have included up
to 2 jets, e.g pp→ bb¯W±`+τ` + 0, 1, 2 jets. The matched/merged cross sections are then rescaled to the
+0 jet NLO values.
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where ‘+ jets’ is treated as up to +0− 2 jets.
To capture the interesting events, we impose the following conditions:
– Each event must include exactly one charged lepton that passes the single lepton
trigger: pT (`1) > 27 (24) GeV if the lepton is electron (muon). We also require
|η(`)| < 2.5.
– We require one b-jet possessing pT (j) > 50 GeV, and |η(j)| < 2.5. As in the
previous section, we use the Delphes [71] b-identification algorithm to tag a b jet.
– Every event must contain one tau-tagged hadronic jet, pT (j) > 50 GeV, and
|η(j)| < 2.5. As with b-jets, we rely on the built-in algorithm in Delphes [71]. We
find the τ tagging efficiency is roughly 40% for correctly identifying a hadronic τ
with an ∼ 0.3% risk of misidentifying a normal jet as a hadronic τ , for the processes
being considered here.
– In addition to the b-jet and τ jet, the event may contain at most one additional
jet, pT (j) > 50 GeV, and |η(j)| < 2.5. The separation between each jet, as well as
the separation between all jets and the lepton must be greater than 0.4.
Due to the presence of multiple jets in our final state of interest, one might expect
the main backgrounds come from tau/b-misidentified jets. However, after requiring the
basic cuts mentioned, the largest background is the irreducible bb¯ Wτ
h
W±`+τ
`
, 120 fb at
NLO. The other sizable backgrounds are bb¯ τhτ
±
` , (3.5 fb), bb¯W
±
`+τ`
+ jets (3 fb), and
bb¯ (Z/γ)`+τ` + jets (0.3 fb). All other backgrounds are negligible,  0.1 fb.
To enhance the sensitivity of the signal further, we studied various kinematic distribu-
tions including MT2, m`ji – where ji is any of the jets in the final state, the separation
between the lepton and the jets ∆R(`, ji), the difference in the azimuthal angle between
any two visible objects in the final state, as well as the pT of each of the visible final states.
Some of these distributions show a small difference between the signal and background,
but none of them have a considerable effect on their own. Therefore, for this initial study,
we will ignore the impact of these other distributions and quantify the sensitivity using
the basic cuts alone. A multivariate analysis may be able to harness the slight differences
across several kinematic distributions and yield increased sensitivity. Such an approach
would be interesting to pursue, but is beyond the scope of the current work. However, as
the difference in the distributions are very small, we expect the sensitivity gains achieved
by a MVA to be O(1) in the cross section and not orders of magnitude.
Using a similar definition of the signal and background as in Section III A:
S ≡ Luminosity× σ(pp→ bb¯τ+τ− → bb¯`±j + 2ν)X
B ≡ Luminosity× (σ(b¯ WτhW±`+τ`)SM + σ(pp→ bb¯τ±h τ∓` )SM + σ(pp→ bb¯(W±/Z/γ)` + jets) ,
with
Significance =
S
δB
=
S√
B + λ2B2
.
and extrapolating to all values of gX , tan β using Eq. (5), we can chart significance con-
tours. In the mX > mZ region, the main background is the irreducible background
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Figure 12: he reach up to 3 σ significance after 100 fb−1 integrated luminosity is shown.
The current bound coming from Υ→ τ+τ− at BaBar [33] excludes the blue region.
pp → tt¯ → bb¯ Wτ
h
W±`+τ
`
, which has a systematic uncertainty of λ = 12% [49]. We will
assume the same uncertainty on the rest of the backgrounds as well, though an O(1)
change in the systematic uncertainties of other backgrounds does not affect the results
significantly. Assuming 100 fb−1 integrated luminosity, we can exclude up to gX & 0.07
for mX = 100 GeV, and gX & 0.2 for mX = 150 GeV up to 3σ significance, illustrated
in Fig. 12. This is about a factor of 2 − 4 improvement over previous constraints. Even
though the total background of the semi-leptonic bb¯τhτ` after the basic cuts is much smaller
than that of the fully leptonic bb¯τ`τ`, the constraints in the mX  mZ region are much
stronger. That is because in the mX  mZ region, the kinematic distributions of the
signal have sharp features that distinguishes it from the background. For larger masses,
however, the distributions broaden and lose their sharp features and thus separating the
signal from the background is more challenging.
In general, a dedicated search at the LHC can improve the bounds by a factor of
2 − 10. These results can be achieved by studying simple kinematic distributions. With
the usage of a more advanced technique like an MVA, we might obtain even better results.
Moreover, we have stopped our search at mX < 2mW . The bounds on a larger mX
will depend on some parameters in the scalar potential that we have ignored for our
study (e.g, mixing between the scalars). If mX > 2mt, the decay of X to a pair of
top quarks enjoys a significant probability as well as small background due to the large
number of final state particles. These searches have already received some attention in
several phenomenological studies [39–55]. The constraints obtained by these studies can
be recasted according to our choice of model parameter values.
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IV. CONCLUSION
In this work, we explored the LHC potential to constrain X, the gauge boson associated
with a spontaneously broken U(1)
(3)
B−L symmetry. U(1)
(3)
B−L symmetry is one of the simplest
extensions of the SM, which was first proposed to explain the flavor alignment of the
third generation of quarks. While X only interacts with the third generation of fermions
in the interaction basis (at tree-level), flavor non-universal couplings are generated once
we rotate to the mass basis. These flavor-violating effects can be mitigated with certain
charge assignments and coupling assumptions, but strong constrains from low-energy
experiments persist for mX ≤ 5 GeV.
To hunt for heavier X, which are free from low-energy bounds, we developed two
dedicated LHC search strategies based on pp → X,X → τ+τ−, a production and decay
path that yields a high rate and numerous kinematic handles to suppress SM backgrounds.
Following Ref. [27], we assume all scalars related to U(1)
(3)
B−L breaking and the right handed
neutrino are heavy, and focus on mX ≤ 2mW since this decouples the X phenomenology
from any mixing in the scalar sector.
For mX < mZ , we find the optimal channel is where both taus decay leptonically. Using
a combination of simple kinematic variables, such as m``,∆φ(ll, /ET ) and ET/ , we find that
couplings as low as gX > 0.005 for mX ∼ 20 GeV could be probed at 3 σ sensitivity given
100 fb−1 integrated luminosity (roughly the current total LHC-13 luminosity). For heavier
masses, the bounds are not as strong: gX > 0.05 for mX ∼ 80 GeV probed at 3σ with
the same amount of data. Extrapolating these bounds to the full HL-LHC luminosity of
3 ab−1, we expect a further increase by a factor of 2 in the sensitivity (or
√
2 in gX).
For mX > mZ , we find the semi-leptonic tau channel (τ
+
h τ
−
` + τ
+
` τ
−
h ) outperforms the
fully leptonic mode, however the number of pronounced kinematic differences between
the signal and the dominant background (pp → tt¯) shrinks substantially. For 100 fb−1,
we find the 3σ exclusion limit reaches gX & 0.1 for mX = 100 GeV, and gX & 0.2 for
mX = 150 GeV. Both the low-mass and high-mass search strategies relied on cut-and-
count methods and it would be interesting to explore what improvements multivariate
techniques can squeeze out.
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Appendix A: The cut flow of benchmarks with mX < mX
The cut flow on each of the benchmarks is shown here. The quoted cross sections are at
NLO, even though the events are LO. We generated 106 events for the signal, bb¯`+`−, and
bb¯τ+` τ
−
` processes. Due to the higher cross section of bb¯V`+τ`V`+τ` , we generated 2 × 106
events for this process. In all of the benchmarks studied here, m`` proved to be a useful
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variable in distinguishing the signal. For mX ≤ 50 GeV, we used ∆φ(``, /ET ) and /ET to
further distinguish the signal, and for mX = 80 GeV, we found MT2 to be a more useful
variable. Each cut has been optimized such that it gives the highest significance, defined
in Eq. (9).
cuts Xµ SM backgrounds (fb) significance|L=100 fb−1
(10 GeV, 0.02) bb¯`+`− bb¯V`+τ`V`+τ` bb¯τ
+τ−
basic selection 0.61 282.6 1365.8 32.2 0.005
m`` < 10 GeV 0.5 0.5 1.55 0.03 2.3
∆φ(``, /ET ) < 0.5 0.3 0.05 0.26 0.03 4.6
5 GeV < /ET < 70 GeV 0.3 0.03 0.21 0.03 5.3
efficiencies 50% 0.01% 0.016% 0.1%
Table III: The cut-flow for mX = 10 GeV. The cross section of this benchmark is small
after the basic selection. However, the m`` cut efficiently enhances the signal to
background ratio.
cuts Xµ SM backgrounds (fb) significance|L=100 fb−1
(20 GeV, 0.02) bb¯`+`− bb¯V`+τ`V`+τ` bb¯τ
+τ−
basic selection 2.27 282.6 1365.8 32.2 0.02
m`` < 15 GeV 2.04 1.88 12.33 0.16 2.00
∆φ(``, /ET ) < 0.5 1.69 0.23 0.44 0.13 12.9
10 < /ET < 70 1.67 0.06 0.30 0.07 21.0
efficiencies 73.2% 0.02% 0.02% 0.27%
Table IV: The effect of each cut on the signal with mX = 20 GeV and the backgrounds.
The m`` cut efficiently enhances the signal to background ratio.
cuts Xµ SM backgrounds (fb) significance|L=100 fb−1
(30 GeV, 0.02) bb¯`+`− bb¯V`+τ`V`+τ` bb¯τ
+τ−
basic selection 8.13 282.6 1365.8 32.2 0.07
m`` < 25 GeV 7.9 3.95 12.82 0.24 5.77
∆φ(``, /ET ) < 0.53 6.4 0.32 0.44 0.19 40.0
13 < /ET < 60 5.48 0.21 0.31 0.11 49.0
efficiencies 67.4% 0.04% 0.01% 0.3%
Table V: The effect of each cut on the signal with mX = 30 GeV and the backgrounds.
The m`` cut efficiently enhances the signal to background ratio.
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cuts Xµ SM backgrounds (fb) significance|L=100 fb−1
(50 GeV, 0.02) bb¯`+`− bb¯V`+τ`V`+τ` bb¯τ
+τ−
basic selection 3.42 282.6 1365.8 32.2 0.03
10 < m`` < 35 GeV 2.88 6.35 163 5.58 0.27
∆φ(``, /ET ) < 0.5 2.08 0.74 7.07 3.38 1.37
22 < /ET < 75 1.75 0.03 6.5 0.3 3.5
efficiencies 51% 0.01% 0.48% 1.17%
Table VI: The effect of each cut on the signal with mX = 50 GeV and the backgrounds.
cuts Xµ SM backgrounds (fb) significance|L=100 fb−1
(80 GeV, 0.02) bb¯`+`− bb¯V`+τ`V`+τ` bb¯τ
+τ−
basic selection 2.8 282.6 1365.8 32.2 0.02
25 < m`` < 60 GeV 2.51 2.58 317.2 21.25 0.11
MT2 < 16 GeV 2.24 1.6 41.3 17.3 0.30
mb` < 100 GeV 1.15 0.56 10.3 8.8 0.35
efficiencies 41.1% 0.2% 0.8% 27.3%
Table VII: The effect of each cut on the signal with mX = 80 GeV and the backgrounds.
To further enhance the signal to background ratio, MT2 and mb` is used.
Appendix B: Reproducing the CKM Matrix and Flavor Changing Interactions
of X
This model was first suggested in Ref. [27], and the details of the model are somewhat
complicated and lengthy. Rather than discussing all of the moving parts, we will focus
on the generation of the CKM matrix and potential FCNC.
Because the third generation is charged under U(1)
(3)
B−L while the first and second
generations are not, mixing among generations requires φ. The full Yukawa interaction,
including interactions with Higgs or φ and working in a basis with diagonal kinetic terms,
can be written as:
 Lqyuk = QL
 yu11H˜ yu12H˜ yu13φ˜yu21H˜ yu22H˜ yu23φ˜
0 0 yu33H˜
uR + QL
 yd11H yd12H 0yd21H yd22H 0
yd31φ y
d
32φ y
d
33H
dR + h.c. (B1)
The upper 2 × 2 block of both quark mass matrices can be brought to diagonal form
by rotations among Q1,2, uR,1,2 and dR,1,2. Note that, after these rotations – call them
RuL,dL12 , the up-type quark mass matrix has non-zero (1, 3), (2, 3) entries, while the down-
23
type matrix has the opposite structure:
RuL12 .Mu.R
uR†
12 =
m0u 0 cm0t0 m0c dm0t
0 0 m0t
 and RdL12 .Md.RdR†12 =
 m0d 0 00 m0s 0
am0b bm
0
b m
0
b .
 , (B2)
This structure follows automatically from the U(1)
(3)
B−L charge of φ. Given this struc-
ture, bringing the mass matrices to fully diagonal form can be accomplished by redefini-
tions among left handed fermions between Q3 and Q1,2 and redefinitions among the right
handed down quarks between dR3 and dR,1,2. As the kinetic terms of the three genera-
tions are not identical, these last redefinitions generically induce FCNC in U(1)
(3)
B−L gauge
interactions. These FCNC are tightly constrained, especially in the down-quark sector.
However, if we impose that a, b ' 0 in Eq. (B2), all FCNC are relegated to the up-quark
sector, where constraints are weaker. In this circumstance, a viable (3× 3) CKM matrix
is still generated, and one can show that the elements of the up-quark matrix in Eq. (B2)
are proportional to the CKM elements c ∼ Vub and d ∼ Vcb [27].
We emphasize that the choice a ∼ b ∼ 0 is not demanded by the setup, but is a
phenomenological constraint. Accepting this constraint, we can work out the fermion
mass basis interactions with X. The only place where FCNC U(1)
(3)
B−L interactions occur
is with left handed up-quarks. Specifically, expanding out the kinetic term and performing
the rotations described above to go to the mass basis:
Ltree
XQQ
' gX
3
u¯L
 V 2ub VubVcb VubVubVcb V 2cb Vcb
Vub Vcb 1
 γµuLXµ + gX
3
d¯L
0 0 00 0 0
0 0 1
 γµdLXµ. (B3)
There are no off-diagonal terms present in the uR, dR, or leptonic interactions with X, so
they all have the same for as the dL interaction in Eq. (B3).
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